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Summary 
 
Red fescue (Festuca rubra) is a perennial grass used as both forage and turfgrass. 
Asymptomatic plants of this species are systemically infected by the fungal endophyte 
Epichloë festucae, which has a beneficial effect on the infected plants. The aim of this 
study was to determine the effect of the endophyte Epichloë festucae on the allelopathic 
potential of Festuca rubra against four associated pasture species that are also 
considered as weeds in lawns, Trifolium pratense, Trifolium repens, Lotus corniculatus, 
and Plantago lanceolata. Two experiments were designed to evaluate the allelopathic 
effect of extracts from the roots and leaves of endophyte-infected (E+) and non-infected 
(E-) plants on the germination and seedling growth of the four target species. 
Regardless of the endophyte status of the host plant, leaf extracts elicited a stronger 
reduction in germination and seedling growth than root extracts. Extracts from E+ 
plants reduced the speed of germination index of Trifolium spp. to a greater extent than 
those from E- plants. Radicle length of the target species was the parameter most 
affected by the presence of the endophyte in F. rubra. Root extracts from E+ plants had 
a greater inhibitory effect on the radicle growth of the target species than did root 
extracts from E- plants. A greater concentration in total phenolic compounds was found 
in the roots of E+ plants than of E-; however, this difference was not observed in the 
leaves. Thus, the allelopathic potential of F. rubra is altered in infected plants. 
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Introduction 
 
Red fescue (Festuca rubra L.) is a perennial grass that is abundant in pastures and one 
of the most important turfgrass species in temperate regions. Festuca spp. have 
allelopathic activity; i.e., these plants excrete bioactive compounds that inhibit or 
stimulate physiological processes of the neighbouring plants (Peters & Mohammed-
Zam, 1981; Bertin & Weston, 2002; Lipinska & Harkot, 2007). Knowledge of this type 
of chemical interaction between plants has contributed to a better understanding of the 
structural changes that occur in grassland plant communities (Lipinska & Harkot, 2007). 
Furthermore, manipulation of this chemical interaction has been suggested as a possible 
alternative for achieving sustainable weed management and, in the long term, reducing 
the use of harmful synthetic herbicides (Singh et al., 2003; Weston & Duke, 2003; 
Macias et al., 2007). 
Festuca rubra is asyptomatically infected with the fungal endophyte Epichloë 
festucae Leuchtmann, Schardl & Siegel. Infection with endophytes of the genera 
Neotyphodium and Epichloë is common in other grass species that are economically 
important as forage or turfgrass, such as Festuca arundinacea Schreb. [syn. Lolium 
arundinaceum (Schreb.) Darbysh; Schedonorus phoenix (Scop.) Holub; Schedonorus 
arundinaceus (Schreb.) Dumort] (tall fescue) and Lolium perenne L. (perennial 
ryegrass). These endophytes are mutualistic, colonize the intercellular space of leaves 
and stems in a systemic manner, and are vertically transmitted by seeds. 
Endophyte-induced benefits have generally been associated with increased host 
tolerance to multiple biotic and abiotic stresses (Malinowski & Belesky, 2000; Clay & 
Schardl, 2002). Fungal endophytes are involved in the production of a range of 
alkaloids in host plants, some of which have antiherbivore activity (Siegel et al., 1990), 
increasing resistance to mammals, insects, and nematodes (Clay & Schardl, 2002). On 
these bases, the interaction between the host grass and endophytic fungus is considered 
to be mutualism (Clay & Schardl, 2002; Saikkonen et al., 2004).  
Endophyte-infected plants have several competitive advantages over non-
infected plants, and this has an ecological impact at the community level. In the long 
term, the frequency of infection in pastures may increase considerably (Shelby & 
Dalrymple, 1993), and high infection rates can be found in grassland ecosystems 
(Bazely et al., 1997; Zabalgogeazcoa et al., 1999). In mixed stands of grasses and 
legumes, such as Trifolium repens L. (white clover), Trifolium pratense L. (red clover), 
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and Medicago sativa L. (lucerne), the presence of endophytes in the host grass 
suppresses legume growth (Eerens et al., 1998; Hoveland et al., 1999; Malinowski et 
al., 1999). This decrease in legume growth may be due to a greater efficiency in nutrient 
assimilation by infected plants, and also to an allelopathic effect (Springer, 1996; 
Sutherland et al., 1999). However, the role of fungal endophytes in the allelopathic 
effect of the host plant is not clear. The inhibitory effect of tall fescue on the 
germination and seedling growth of prairie plants was unaltered by endophyte infection 
by Neotyphodium coenophialum (Morgan-Jones & Gams) Glenn, Bacon & Hanlin 
(Renne et al., 2004). Conversely, the allelopathic effect of L. perenne on T. repens was 
influenced by the endophyte Neotyphodium lolii (Latch, Christensen & Samuels) Glenn, 
Bacon & Hanlin (Sutherland et al., 1999). Bertin et al. (2003) found that endophyte-
infected red fescue had an allelopathic effect on two weed species, although the role of 
the endophyte remains to be clarified, because uninfected plants were not included in 
that study. 
 In the savannah-like semi-arid grasslands of western Spain, known as ‘dehesas’, 
about 70% of Festuca rubra plants are infected by the fungal endophyte Epichloë 
festucae (Zabalgogeazcoa et al., 1999). Three groups of characteristics may contribute 
to the greater competitiveness of infected plants. First, the infected plants undergo 
growth and physiological modifications. For instance, the phosphorous (P) nutrient 
content in F. rubra is greater when plants are infected with E. festucae (Zabalgogeazcoa 
et al., 2006). Second, the infected plants produce antiherbivore substances. The 
concentration of antiherbivore alkaloids in infected F. rubra plants was found to be 
below levels that are considered to be toxic to cattle (Vázquez-de-Aldana et al., 2010). 
Third, allelopathic interactions exist between infected and neighbouring plants 
(Malinowski et al., 1999).  The aim of the present study was to determine the effect of 
the fungal endophyte Epichloë festucae on the allelopathic potential of Festuca rubra 
grass against associated pasture species. Four species frequent in grasslands were 
chosen as the target species; namely, Trifolium repens (white clover), Trifolium 
pratense (red clover), Lotus corniculatus L. (bird’s foot trefoil), and Plantago 
lanceolata L. (ribwort plantain). These species are considered as weeds on lawns. 
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Materials and Methods 
 
Plant material 
Seeds of Festuca rubra plants from two half-sib lines were used in this study. Each 
half-sib line consisted of plants infected (E+) and not (E-) with their natural fungal 
endophyte, Epichloë festucae, and plants and seeds from both lines were obtained as 
follows. Festuca rubra plants infected with E. festucae were collected from two 
locations in the natural semi-arid grasslands of the province of Salamanca (western 
Spain) located at El Cabaco (C) and Peña (P). Infection by E. festucae was verified by 
microscopic analysis of stem pith scrapings, as well as by isolation of the fungus from 
plant stems and leaf sheaths on potato dextrose agar (PDA) in Petri dishes (Bacon & 
White, 1994). Five infected plants from each location were transplanted to pots 
containing a mixture of peat moss and perlite and were allowed to undergo vegetative 
growth for one month. Then, each plant was divided into several ramets, which were 
transplanted into 75-ml pots and maintained in a growth chamber with a 16 h-light 
photoperiod at 25ºC. Half of the ramets from each plant was used to produce 
endophyte-free tillers by treatment with three doses of 400 μg of propiconazole (TILT, 
400 mg a.i. L−1, CIBA), a systemic fungicide. The first and third doses were applied to 
the soil, and the second was a foliar application. Fungicide treatments were staggered by 
10 days between each application. Treated and untreated plants were then transplanted 
to the field at a research farm near Salamanca. From these plants, infected (E+) and 
uninfected (E-) seeds were obtained. Thus, non-infected Festuca rubra plants were the 
seed progeny obtained from infected plants treated with a broad spectrum fungicide. E+ 
and E- plants grown from these seeds should have the same chance of being infected by 
horizontally transmitted endophytes, and the only difference between them should be 
the presence of the endophyte Epichloë festucae. Unlike Epichloë and Neotyphodium 
which are vertically transmitted by seeds, most known endophytes are not capable of 
seed transmission, and plants acquire these other horizontally transmitted endophytes 
after germination (Sanchez Marquez et al., 2011). 
 To verify that the seeds produced by the fungicide-treated plants were E- and 
that those from the untreated plants were E+, seeds of both types belonging to each line 
were surface-disinfected for 15 min with a solution of 25 g L−1 sodium hypochlorite 
containing 0.01% Tween 80, after which they were rinsed in sterile water, and placed on 
Petri dishes containing PDA. When the infected seeds germinated, viable mycelia were 
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visible at the mesocotyl. These mycelia were not observed in any seedlings derived 
from fungicide-treated mother plants. One hundred seeds from each line were analysed 
and the percentage of infection was estimated as being 98%. Thus, seeds of Festuca 
rubra from E+ and E- plants for each line (C and P) were available and were used to 
produce infected and uninfected plants for experimental assays. The seeds of the target 
species Trifolium repens, Trifolium pratense, Lotus corniculatus, and Plantago 
lanceolata were obtained commercially. 
 
Experimental assays 
The experiments were designed to examine the effect of Festuca rubra plant extracts 
(from roots and shoots) on germination and on seedling growth of four target species, T. 
repens, T. pratense, L. corniculatus, and P. lanceolata. 
 
Plant extracts 
The roots and leaves of F. rubra were collected from four-month-old plants that were 
grown from February to May in pots in a glasshouse, at T = 24 ± 2ºC for 16 hours of 
natural day-light and T = 15 ± 2ºC for 8 hours of darkness. These plants were obtained 
from the seeds of infected and uninfected half-sib lines (C E+, C E-, P E+, and P E-) 
and 10-day-old seedlings were grown individually in pots (20-cm diameter) containing 
a mixture of peat moss, perlite, and sand in a proportion of 2:1:1. Plants were regularly 
irrigated and no fertilizer was supplied. The endophyte infection status of all the plants 
was verified by isolating the fungus from plant sheaths on PDA, as described above. 
After four months of growth, the plants were harvested. Soil was gently washed off the 
roots with water. Aqueous extracts were obtained by incubating freeze-dried and ground 
tissues from either leaves (50 g) or roots (30 g) in 1 L of distilled water. The mixture 
was kept in a refrigerator for 2 h and then stirred on a rotary shaker for 1 h and 
centrifuged at 1500 rpm for 15 min. The supernatant was vacuum-filtered through filter 
paper twice and stored at –20ºC until needed. Three types of plant tissue extracts were 
used for bioassays on Petri dishes; namely, undiluted leaf extract (L100); a 20% dilution 
of leaf extract with distilled water (L20); and undiluted root extract (R). Distilled water 
was used as a control (W).  
 
Germination assays 
 6
For each target species (T. repens, T. pratense, L. corniculatus, and P. lanceolata), 
germination assays were carried out separately. Seeds of the target species were surface-
sterilized with a 20% (v:v) solution of commercial bleach (1% active chlorine) for three 
minutes and washed with distilled sterile water several times. The experiment was 
conducted using a three-way factorial arrangement within a randomized design with 
five replicates. The first factor was the F. rubra line, with two levels (C and P); the 
second factor was the endophyte infection status (E+ = infected; E- = uninfected), and 
the third was the type of extract used, with four levels (L20, L100, R, and W).  The 
experimental unit was a Petri dish (9-cm diameter). Thirty sterilized seeds from the 
target species were placed on germination paper disks (Filter Lab) on Petri dishes, each 
containing 4-ml of the corresponding extract. All Petri dishes were sealed with parafilm 
and randomly placed in a dark incubator at 25ºC. The number of germinated seeds was 
counted daily (seeds were considered to be germinated when the emerging radicle 
reached 1 mm in length), until no further germination was observed.  
The cumulative percentage of germination was calculated as the sum of 
germinated seeds relative to the total number of seeds. The speed of germination index 
(SGI) was calculated according to the Einhellig parameter (Chipapuso et al., 1997): 
n
NNNNNNNSGI nn 123121 ...32
)1(   
where N1, N2, Nn = proportion of germinated seeds obtained on the first (1), second (2), 
and (n) days after the experiments had been initiated. The S index varied from 100 (if 
all seeds germinated on the first day after starting the experiment) to 0 (if no seeds had 
germinated by the end of the experiment).  
 
Seedling growth assays 
To evaluate the effect of aqueous extracts from different plant parts and the infection 
status of F. rubra on the growth of T. repens, T. pratense, L. corniculatus, and P. 
lanceolata seedlings, a second experiment was carried out with pre-germinated seeds of 
the target species. For this, surface-sterilized seeds were placed on trays on filter paper 
over a layer of sterile perlite soaked in sterile distilled water. Twenty-five uniformly 
germinated seeds of the target species were placed on a Petri dish on germination paper 
(Filter Lab) soaked in 4 ml of plant extract. The extracts were applied following the 
same experimental design as that used in the germination assays; i.e., a complete 
factorial combination of two F. rubra lines (C and P), two infection levels (E+ and E-), 
 7
and four types of plant tissue (L20, L100, R, and W). Each combination was replicated 
five times. All Petri dishes were placed in a thermostatically controlled growth chamber 
with a photoperiod of 16 h light at 25ºC and 8 h darkness at 20ºC. Radicle length was 
recorded after 48 h by scanning the seedlings with a scanner (HP scanjet 5530). Length 
measurements were obtained from digital images, using the Soft Imaging System 
program. Assays were carried out separately for each target species. 
 
Analysis of total phenolic compounds 
Concentrations of total phenolic compounds were analyzed in extracts of the root and 
shoot tissues of Festuca rubra plants. For each plant sample, the extraction procedure 
was performed in duplicate as follows. An aliquot of 200 mg of freeze-dried and ground 
plant sample was extracted twice in 5.0 ml of 50:50 (v/v) methanol:water for 30 min in 
an ultrasound bath. The mixture was centrifuged and filtered twice through filter paper. 
The filtrates were mixed and stored at -20ºC until required. Analysis of total phenolic 
compounds was performed according to the colorimetric method of Price and Butler 
(Waterman & Mole, 1994).   
 
Statistical analyses   
The results from the plant extract experiments were subjected to ANOVA, to test for the 
effects of infection (E+, E-), line (C, P), and type of tissue extract (L20, L100, R, and 
W) and their interactions, using Statistica for Windows (StatSoft, Inc., 1995). 
Germination percentage data of T. repens and P. lanceolata species were transformed 
using arcsine to meet ANOVA assumptions. Comparisons of means were performed 
using the LSD test at P < 0.05.  
 
 
Results 
 
Germination  
Analysis of variance revealed that the type of tissue extract had a significant effect on 
the germination percentage for all four target species (Table 1).  The undiluted leaf 
extract (L100) reduced the germination percentage of T. repens, T. pratense, and P. 
lanceolata relative to the controls. The germination percentage of Lotus corniculatus 
was not affected by the leaf extract used; however, the undiluted root extract (R) 
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significantly increased the percentage of germination with respect to the control. Only 
T. repens was significantly affected by endophyte status (Table 1); extracts of E+ plants 
reduced germination percentage as compared with E-. The infection status and line were 
found to have cumulative effects on the germination percentage of P. lanceolata; 
however, the differences between E+ and E- of the same plant line (C or P) were not 
statistically significant. 
The type of tissue extract affected the speed of germination index (SGI), similarly 
to the effect produced on germination percentage. In all target species, the SGI was the 
lowest with L100, and the 20% dilution leaf extract (L20) only decreased the SGI of T. 
repens (Table 2). R affected the SGI of T. repens and L. corniculatus, with opposite 
trends: it decreased the SGI of T. repens and increased the SGI of L. corniculatus. The 
effect of endophyte infection was significant for T. repens and T. pratense; extracts of 
E+ plants reduced the SGI of these plants as compared with extracts from E- plants 
(Table 2). The effect of E+ extracts on L. corniculatus and P. lanceolata was not 
statistically different from that of E- extracts. 
 
Radicle growth 
The ANOVA analysis revealed that the contribution of infection status, line of host 
plant used, and type of tissue used interacted to produce a significant effect on the 
radicle length of all species. R and the L100 of E+ plants significantly reduced the 
radicle length of T. pratense as compared with E- extracts (Fig. 1). The effect of 
endophyte status of R was remarkable in that the E+ extracts reduced radicle length by 
46% as compared to the E- extracts. Similarly, the radicles of T. repens, L. corniculatus, 
and P. lanceolata were shorter when treated with R from P/E+ plants than from P/E-. 
L20 obtained from the P line of E+ plants also inhibited the radicle length of T. repens. 
However, the same L20 had the opposite effect on T. pratense and L. corniculatus; the 
radicle length of these plants was shorter following treatment with E- than with E+ 
extracts (Fig. 1). In P. lanceolata, the effect of the endophyte status of the extracts 
differed between lines; thus, E+ extracts derived from the P line (from all types of plant 
tissue) significantly inhibited radicle length as compared to the E- extracts. In contrast, 
E- extracts derived from the C line had a greater inhibitory effect than E+.  
 
Shoot growth 
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Whereas the leaf extracts L100 and L20 significantly reduced the shoot growth of all 
target species, the root extracts only decreased the shoot length of P. lanceolata (Table 
3).  The effect of endophyte infection was statistically significant in L. corniculatus and 
P. lanceolata but not in T. repens or T. pratense (Table 3). In L. corniculatus, shoots 
were significantly longer when treated with E+ than with E- extracts; in contrast, in P. 
lanceolata, shoot growth was more inhibited when treated with E+ than with E- 
extracts.  
 
Concentrations of total phenolic compounds  
The concentration of total phenolic compounds of the F. rubra plants used for the 
preparation of extracts for the assays is shown in Fig. 2. The concentrations of total 
phenolic compounds in the roots of E+ plants were greater than those in the roots of E- 
plants. In plants from the P line, the concentration of phenolic compounds in the roots 
of E+ plants was more than double that observed in E- tissue. There was no significant 
difference in the concentration of phenolic compounds in the leaves, of E+ and E- 
plants. 
 
Discussion 
 
We show the allelopathic effect of aqueous extracts from Festuca rubra on several 
target species (i.e., T. pratense, T. repens, L. corniculatus, and P. lanceolata), and 
demonstrates that the presence of the fungal endophyte Epichloë festucae in plants can 
alter the allelopathic effect. On the whole, aqueous extracts of roots and leaves of F. 
rubra reduced the germination and seedling growth of the target species. However, the 
intensity of this inhibitory effect depended on both the type of tissue extract and the 
endophyte status of the plant. 
 Regardless of the endophyte status of the host plant, leaf extracts elicited a 
stronger reduction in germination and seedling growth than root extracts. Furthermore, 
whereas the root extracts only significantly affected the root length of the target species, 
the leaf extracts inhibited both germination and seedling growth.  In relation to the 
endophyte status of the plant, we found that extracts of E+ plants had a greater 
inhibitory effect on the germination speed index and radicle length of several target 
species than extracts of E- plants. Although the high-concentration leaf extracts caused 
the greatest inhibition of radicle growth, the effect of endophyte status was not clear. 
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However, root extracts from E+ plants reduced radicle growth of T. pratense by up to 
46% more than those from E- plants. 
The inhibitory effect that certain plants have on root length of neighbouring 
plants, which seems to be the most sensitive indicator of growth inhibition (Chung & 
Miller, 1995; Bertin et al., 2003; San Emeterio et al., 2004), may affect the competitive 
balance among species during the establishment stage. If water resources are limited 
during seedling growth, which is a common occurrence in Mediterranean areas, poor 
root development may restrict the ability of species to cope with a water deficit and 
impact their competitive ability (San Emeterio et al., 2004). This would afford infected 
F. rubra plants an advantage over E- plants when cohabiting with other species and 
competing for the available resources.  
The Neotyphodium endophyte was reported to affect the allelopathic potential of 
aqueous extracts of pseudostems from L. perenne on the growth of Trifolium repens 
(Sutherland et al., 1999). Endophyte infection of stands of F. arundinacea and L. 
perenne managed as low-maintenance lawns only reduced the cover of one weed 
species (Richmond et al. 2006). Bertin et al. (2003) found that root exudates from F. 
rubra infected by Epichloë endophytes had potent activity on developing target 
seedlings. However, non-infected plants, which could help elucidate whether the 
allelopathic potential of F. rubra was due to the presence of endophytes, were not 
included in this study. Conversely, a lack of endophyte influence on the allelopathic 
potential of F. arundinacea was found in an experiment using extracts from shoot and 
root tissues combined (Renne et al., 2004). Our findings showed that the effect of 
endophyte status depended on the type of tissue, and that the greatest difference 
between the effect of E+ and E- extracts occurred for root tissues; therefore, the 
combination of shoot and root tissues used in the experiment of Renne et al. (2004) 
could reduce the influence of the endophyte.  
Phenolic compounds constitute a large group of allelochemicals, consisting of 
structures with different degrees of chemical complexity. These compounds impact 
major physiological processes that normally act to maintain a favourable ion balance, 
water content, photosynthetic rate, respiratory metabolism, and hormone regulation 
(Einhellig, 2004). We found that the concentration of total phenolic compounds in F. 
rubra plants varied with the type of plant tissue and endophyte status of the plant. 
Regardless of the endophyte status of the plant, the leaves of F. rubra had an almost 
two-fold higher concentration of total phenolic compounds than the roots, which would 
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account for the greater inhibitory effect of leaf extracts than those from roots on the 
target plants. The observation that root extracts from E+ plants had a greater inhibitory 
effect than those from E- could be due to the greater concentration of total phenolic 
compounds in the roots of E+ plants. Conversely, the fact that E+ and E- plants had 
similar concentrations of phenolic compounds could explain why there was no 
difference in the effect of leaf extracts from E+ and E- plants. The effect of fungal 
endophytes in the production of secondary metabolites of infected plants has been 
reported in several works. Although Epichloë and Neotyphodium endophytes only 
colonize aerial plant tissues, metabolism in roots could be affected by fungal infection. 
Thus, Ponce et al. (2009) found that the presence of the endophyte Neotyphodium sp. in 
Lolium multiflorum Lam. (italian ryegrass) enhanced the concentration and variety of 
phenolic compounds in the whole plant (both the shoots and roots). Similarly, a greater 
concentration of total phenolic compounds was found in tall fescue plants infected with 
Neotyphodium (Malinowski et al., 1998). Nevertheless, compounds other than phenolics 
have allelopathic activity. F. rubra releases large amounts of m-tyrosine, which inhibits 
root growth of other plants, into the rizhosphere (Bertin et al., 2007). However, the 
relationship between the production of this metabolite and the fungal endophyte was 
unknown. Endophyte-infected plants produce secondary metabolites that are either not 
found in non-infected plants (Siegel et al., 1990) or are present in a greater 
concentration, as indicated above for total phenolic compounds. The growth conditions 
of plants would likely influence the production of secondary metabolites, including 
phenolic and other bio-active compounds. A greater production of these metabolites can 
be found under some abiotic and biotic stress conditions (Pedrol et al., 2006), such as P 
deficiency (Malinowski et al., 1998) or water stress (Malinowski & Belesky, 2006). In 
our experiment, we used a mixture of peat, sand, and perlite, without fertilizer, and 
subjected the plants to moderate irrigation, so that the concentration of secondary 
metabolites could be altered under various growing conditions. 
We evaluated two lines of F. rubra, since several works have shown the 
dependence of plant and fungal genotypes on different ecophysiological aspects of 
grass-endophyte mutualism (Malinowski et al., 1999; Hesse et al., 2004). We found that 
the effect of the endophyte on the allelopathic potential of F. rubra depended on the 
plant line. This supports the ideas of Sutherland et al. (1999) and Richmond et al. 
(2006), who suggested that each new grass-endophyte association may need to be tested 
for allelopathic effects, rather than relying on a general effect. Our results showed that 
 12
the P line of F. rubra infected by Epichloë festucae may offer interesting material for 
use as turfgrass, since it consistently inhibited the growth of the target species, which 
are considered to be weeds in turf management. 
In summary, the results of this study show that the endophyte Epichloë festucae 
can modify the allelopathic potential of the grass Festuca rubra. The effect of 
endophyte infection was dependent on the type of tissue extract, and root extracts of E+ 
plants had a greater inhibitory effect on radicle growth of target species than the extracts 
of E- plants. This observation provides insight into why endophyte infection is high in 
natural populations of F. rubra, and why the development of endophyte-infected 
turfgrass cultivars may be useful for low-maintenance lawns. Further research should 
aim to establish which allelochemicals are involved in the association between F. rubra 
and E. festucae.  
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 Table 1 Germination percentage of the target species as influenced by infection status 
(E+ = infected, E− = non-infected), line (C, P), and F. rubra tissue from which the 
extracts were obtained. Values are means  SE of n replicates. ANOVA values indicate 
the level of significance for the main effects and their interaction with each other. 
 
  n T. pratense T. repens L. corniculatus P. lanceolata 
Infection E+ 40 66.1  1.63 74.4  3.49 
(0.897  0.0509) 
65.9  1.52 
 
79.6  2.73 
(0.979  0.0399) 
 E− 40 68.5  1.89 78.1  3.34 
(0.956  0.0501) 
67.2  1.41 80.8  2.66 
(0.968  0.0428) 
       
Line C 40 67.6  1.90 74.2  3.06 
(0.877  0.0441) 
66.2  1.35 77.7  3.07 
(0.936  0.0449) 
 P 40 66.9  1.65 78.3  3.74 
(0.976  0.0555) 
67.0  1.58 82.5  2.25 
(1.009  0.0370) 
       
Tissue Control (W) 20 70.3  1.90 91.5  1.22 
(1.17  0.024) 
65.3  2.24 87.7  2.04 
(1.07  0.025) 
 Diluted leaf 
extract (L20) 
20 68.0  2.56 83.3  2.24 
(1.00  0.038) 
67.1  2.28 82.0  1.84 
(0.98  0.032) 
 Undiluted leaf 
extract (L100) 
20 56.8  2.62 42.5  2.38 
(0.44  0.026) 
63.0  1.96 58.3  1.45 
(0.64  0.056) 
 Undiluted root 
extract (R) 
20 71.8  1.68 87.6  1.71 
(1.09  0.034) 
70.8  1.36 91.0  1.33 
(1.17  0.036) 
 LSD0.05  5.721 (0.078) 5.552 (0.102) 
       
  df     
ANOVA Infection (I) 1 0.197 0.036 0.543 0.865 
 Line (L) 1 0.941 0.001 0.664 0.015 
 Tissue (T) 3 0.000 0.000 0.037 0.000 
 I × L 1 0.665 0.571 0.602 0.011 
 I × T 3 0.155 0.370 0.979 0.702 
 I × L × T 3 0.959 0.903 0.177 0.343 
       
Transformed values are given in brackets. 
LSD = least significant difference at P < 0.05, for the effect of tissue. 
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Table 2 Speed of germination index (SGI) of the target species as influenced by 
infection status (E+ = infected, E− = non-infected), line (C, P), and type of F. rubra 
tissue from which the extracts were obtained. Values are means  SE of n replicates. 
ANOVA values indicate the level of significance for the main effects and their 
interaction with each other. 
 
  
  n T. pratense T. repens L. corniculatus P. lanceolada 
Infection E+ 40 53.8 ± 1.66 56.4 ± 3.56 46.8 ± 1.19 44.7 ± 2.11 
 E− 40 58.8 ± 2.02 62.5 ± 3.86 46.0 ± 1.24 43.9 ± 1.68 
       
Line C 40 57.5 ± 2.07 55.6 ± 3.30 44.6 ± 1.13 43.6 ± 2.01 
 P 40 55.0 ± 1.68 63.2 ± 4.06 48.1 ± 1.24 44.9 ± 1.80 
       
Tissue Control (W) 20 61.8 ± 2.00 78.1 ± 1.67 45.1 ± 1.44 49.9 ± 1.29 
 Diluted leaf 
extract (L20) 20 58.7 ± 2.02 64.0 ± 2.76 47.7 ± 1.68 48.8 ± 1.83 
 Undiluted leaf 
extract (L100) 20 41.1 ± 1.88 23.3 ± 1.41 41.7 ± 1.73 26.5 ± 1.89 
 Undiluted root 
extract (R) 20 60.6 ± 1.96 72.3 ± 2.44 51.1 ± 1.36 50.2 ± 1.00 
 LSD0.05  5.212 4.957 4.065 3.984 
       
  df     
ANOVA Infection (I) 1 0.015 0.007 0.086 0.776 
 Line (L) 1 0.227 0.000 0.018 0.059 
 Tissue (T) 3 0.000 0.000 0.000 0.000 
 I × L 1 0.158 0.845 0.309 0.057 
 I × T 3 0.213 0.163 0.206 0.051 
 I × L × T 3 0.883 0.252 0.086 0.385 
       
LSD = least significant difference at P < 0.05, for the effect of tissue. 
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Table 3 Shoot length of seedlings (in mm) of the target species as influenced by 
infection status (E+ = infected, E− = non-infected), line (C, P), and type of F. rubra 
tissue from which extracts were obtained. Values are means  SE of n replicates. 
ANOVA values indicate the level of significance for the main effects and their 
interaction with each other. 
 
  
  n T. pratense T. repens L. corniculatus P. lanceolada 
Infection E+ 40 6.37 ± 0.167 5.41 ±0.163 5.73 ± 0.104 6.95 ± 0.177 
 E- 40 6.41 ± 0.161 5.22 ±0.209 5.29 ± 0.090 7.20 ± 0.173 
       
Line C 40 6.52 ± 0.161 5.61 ± 0.141 5.54 ± 0.110 6.82 ± 0.170 
 P 40 6.19 ± 0.173 5.04 ± 0.214 5.52 ± 0.106 7.26 ± 0.178 
       
Tissue Control (W) 20 7.03 ± 0.141 6.08 ± 0.120 5.81 ± 0.126 8.09 ± 0.158 
 Diluted leaf extract (L20) 20 6.32 ± 0.179 5.35 ± 0.136 5.39 ± 0.126 6.92 ± 0.127 
 Undiluted leaf extract (L100) 20 5.38 ± 0.263 4.08 ± 0.311 4.91 ± 0.139 5.66 ± 0.189 
 Undiluted root extract (R) 20 6.70 ± 0.218 5.78 ± 0.143 6.01 ± 0.126 7.49 ± 0.140 
 LSD0.05  0.568 0.404 0.310 0.304 
       
  df     
ANOVA Infection (I) 1 0.935 0.110 0.000 0.008 
 Line (L) 1 0.102 0.000 0.472 0.000 
 Tissue (T) 3 0.000 0.000 0.000 0.000 
 I × L 1 0.943 0.977 0.113 0.066 
 I × T 3 0.147 0.295 0.143 0.144 
 I × L × T 3 0.812 0.056 0.072 0.054 
       
LSD = least significant difference at P < 0.05, for the effect of tissue. 
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Figure legends 
 
 
 
 
Figure 1 The effect of the interaction between endophyte status (E+ = infected, E = 
uninfected), plant line (C = Cabaco, P = Peña), and tissue from which extract was 
obtained (W = control; L20 = 20% dilution of leaf extract; L100 = undiluted leaf 
extract; R = undiluted root extract) on the radicle growth of the target species. Data are 
means of five replicates ± SE. 
Significant differences between pairs of means E+ and E at *P < 0.05; **P < 0.01; and 
***P < 0.001. 
 
 
Figure 2 Concentration of total phenolic compounds (mg/g dry matter) in plants 
infected (E+) and not (E) with C and P lines of Festuca rubra. Data are means of five 
replicates ± SE. 
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